United States Patent (i9] 

Kristinsson et al. 



mini 

US006136039A 
[ii] Patent Number: 
[45] Date of Patent: 



6,136,039 
Oct 24, 2000 



[54] DUAL DUROMETER SILICONE LINER FOR 
PROSTHESIS 

[75] Inventors: Ossur Kristinsson, K6pavogur; Hilmar 
Bn Janusson, Seltjarnames, both of 
Iceland 

[73] Assignee: Ossur ht Reykjavik, Iceland 

[21] Appl. No.: 09/071,598 
[22] Filed: May 4, 1998 

Related U.S. Application Data 

[60] Provisional application No. 60/045,704, May 6, 1997. 

[51] IntCl. 7 A61F2/78 

[52] U.S.CI 623/36 

[58] Field of Search 623/36, 37, 34, 

623/32, 35, 33 

[56] References Cited 

U.S. PATENT DOCUMENTS 

980,457 1/1911 Toles . 

2,696,011 12/1954 Galdik . 

3,600,717 8/1971 McKechan . 

3,601,819 8/1971 Herrmann . 

4,635,626 1/1987 Lerman . 



4,923,474 5A990 Klasson et al. . 
5,376,129 12/1994 Faulkner et al. . 
5,507,834 4/1996 Leghi . 
5,603,122 2/1997 Kania . 

5,728,168 3/1998 Laghi et al 623/36 

FOREIGN PATENT DOCUMENTS 

826041 12/1959 United Kingdom . 

OTHER PUBLICATIONS 

Silosheath brochure, Soft Socket Gel Liner, 4 pages, c. 1994, 

Primary Examiner— David H. Willse 

Attorney, Agent, or Firm— Bacon & Thomas, PLLC 

[57] ABSTRACT 

A silicone elastomer suspension liner for a prosthesis 
includes a soft inner silicone elastomer layer and a relatively 
harder outer silicone elastomer layer, with both layers being 
formulated to provide desired physical characteristics of the 
liner. An elasticity controlling matrix material and a pros- 
thesis connecting element may be provided in the distal end 
area of the liner. The softer inner layer closely conforms to 
the residual limb that is to be fitted to a prosthesis while the 
harder outer layer provides durability and strength for the 
liner. 

21 Claims, 1 Drawing Sheet 




12/15/2001, EAST Version: 1.02.0008 



U.S. Patent 



Oct. 24, 2000 



6,136,039 




12/15/2001, EAST Version: 1.02.0008 



6,1; 

1 

DUAL DUROMETER SILICONE LINER FOR 
PROSTHESIS 

Priority of provisional application No. 60/045,704 filed 
May 6, 1997 is hereby claimed. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

This invention is in the field of suspension liners intended 
to be used with prosthetic devices. 

(b) Related Technology 

Prosthesis suspension liners formed from silicone elasto- 
meric materials have been described in prior patents, such 
as, for example, U.S. Pat. No. 4,923,474 issued May 8, 1990 
to Klasson and Kristinsson (an inventor named in this 
application); U.S. Pat. No. 5,507,834 granted Apr. 16, 1996 
to Laghi; and U.S. Pat. No. 5,376,129 granted Dec. 27, 1994 
to Falkner and Walsh. Elastomeric suspension liners are 
used to cushion a post-operative stump or residual limb with 
respect to a prosthesis that is installed over the residual limb 
and coupled to the sleeve by a locking element, for example 
as described in the Falkner and Walsh patent No. 5,376,129. 
The suspension of the prosthesis occurs due to the suction of 
the liner against the residual limb (giving rise to the term 
"suction socket" used for such liners). 

It is highly desirable in such liners that they conform 
closely with the residual limb, accommodate all surface 
contours and sub-surface bone elements of the residual limb 
and provide a comfortable cushion between the residual 
limb and the hard socket of the prosthesis that is to be fitted 
over the residual limb. 

Special silicone rubber or elastomer materials have been 
formulated as suitable substances for suspension liners. 
Such elastomer materials having suitable hardness (or 
softness), elongation, tensile and other properties 
(sterilizability, non-porous, easily cleanable, etc.) have been 
used successfully for suspension liners. 

The liner member disclosed in the Kiasson and Kristin- 
sson U.S. Pat. No. 4,923,474 includes an elasticity control- 
ling matrix material at the distal end of the sleeve that does 
not impede elasticity of the elastomer radially within the 
normal range of radial distension of the liner in normal use, 
but renders the liner substantially inelastic axially during use 
to minimize the "pumping" effect that can occur with a fully 
resilient liner at the distal end of a residual limb that may not 
be fully healed or sealed as discussed in this patent. 

However, it is highly desirable to increase the comfort of 
such sleeve liners to enhance their ability to conform to 
irregularities on the residual limb, to accommodate a wider 
variety of residual limbs with fewer sizes of liners; and to 
provide the amputee with a total feeling of comfort at the 
residual limb interface with the prosthesis, all while main- 
taining strength and durability of the liner. 

BRIEF SUMMARY OF THE INVENTION 

The invention comprises a silicone rubber suspension 
liner for a prosthesis wherein the liner is formed of a closed 
end, air tight inner layer of silicone rubber that is soft and 
highly compliant, and an outer layer having a hardness that 
is higher than that of the inner layer. In effect, the liner has 
a dual durometer or hardness, with the inner layer having a 
softer durometer than the outer layer. An elasticity control- 
ling matrix layer may be provided within the silicone 
elastomer of the liner between the layers to provide anisot- 
ropy of elasticity between radial acd axial directions, with 
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the liner remaining radially elastic but substantially inelastic 
axially at the distal end area of the liner. 

The liner preferably includes a relatively rigid interface 
"umbrella" element to which a prosthesis coupling or lock- 

5 ing pin can be fastened at its distal end. 

The composite, dual durometer liner preferably is formed 
using a simple, two-step molding process in which the firmer 
outer layer is cast and vulcanized over the inner, softer layer 
after the inner layer has been cast and vulcanized on a 

10 mandrel or male mold element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawing FIGURE illustrates a dual durometer sili- 
15 cone elastomer suspension liner for a prosthesis in accor- 
dance with the invention. 

DETAILED DESCRIPTION 

/In the drawing, a silicone elastomer liner 10 intended for 
20 use between a residual limb and a prosthesis (not illustrated) 
includes a distal end 12, a proximal end 14 and an axially 
extending mid-portion 16 between the distal and proximal 
ends 12,14. The liner is air-tight when donned over a 
residual stump. 

25 The entire liner 10 is formed of two layers of silicone 
elastomer to be described in more detail below, the, inner 
layer 18 extending throughout the inner surface of the liner 
10 and the outer layer 20 overlaying and contiguous with the 
outer surface of the inner layer 18, the interface between the 

30 layers 18 and 20 constituting a seamless, integral, permanent 
connection between the layers. 

Preferably, at least the inner layer 18 tapers in thickness 
from a relatively thick cross-section at the distal end 12 of 
the liner to a thinner cross-section at the proximal end 14 of 

35 the liner. The outer layer 20 has a generally uniform thick- 
ness along the mid-portion 16 with a thickened distal end 
portion 22, although its outer configuration can be varied by 
a suitable outer mold cavity. 

4Q A relatively rigid prosthesis connecting "umbrella" ele- 
ment 24 having a concave curved configuration as shown 
and a threaded socket 26 for receiving a prosthesis locking 
pin (not illustrated) is provided at the distal end 12 of the 
liner 10, preferably embedded in the silicone elastomer 

4S between the inner and outer layers 18,20. The connecting 
element 24 is intimately bonded to the silicone elastomer 
constituting the liner 10. 

An elasticity controlling matrix material 28 is provided 
between the layers 18,20 in the distal end area 12 of the liner 

50 10, the matrix reinforcement material being relatively com- 
pliant in a radial direction and substantially rigid or inelastic 
in the axial direction. The matrix material 28 in the preferred 
embodiment extends over the distal or outer side of the 
prosthesis connecting element 24 using an assembly and 

55 molding process to be described below. 

The liner 10 is fabricated in a sufficient number of sizes 
to accommodate various sizes of residual limbs. In use, a 
liner of the type described is rolled up from the proximal to 
the distal end, placed over the distal end of the residual 

60 stump and rolled back up or "donned" over the stump like 
a stocking. This procedure and the benefits achieved thereby 
are described in detail in the Klasson and Kristinsson U.S. 
Pat. No. 4,923,474. 

Fabricating the sleeve liner is carried out as follows. For 

65 each specific liner size, three mold sections consisting of two 
outer mold sections and an inner mold section are provided. 
The first shot outer mold section is configured to give a 
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specific thickness of the liner inner layer 18 while the second vinyl group that is on the ends of the polysiloxane. The end 
shot outer mold section is configured to provide a specific groups on the polysiloxane also control the viscosity of the 
thickness of the outer layer 20 covering the inner layer 18, silicone and the concentration can be varied to allow a 
the matrix 28 and the connecting element 24. The inner mold formulator to manufacture polysiloxanes of various viscosi- 
section is a male form conforming to the inner surface of the 5 ties. Specifically, more than one end blocking moiety is used 
liner. The outer mold sections are female molds that fit over to provide control of viscosity and level of crosslinking 
the inner mold and provide a space between the inner and somewhat independently of each other. The preferred vis- 
outer mold sections for receiving liquid silicone elastomer cosity is in the range of 90,000-100,000 cPs. Non-functional 
that is injected under pressure between the mold sections endblocking (trimethyl siloxy) is used in conjunction with 
during the liner mold or casting process. 10 vinyl endblocking (vinyldimethyl siloxy) to allow the pro- 

To form the inner layer 18, the inner mold is kept at a Auction of a polysiloxane with a lower vinyl concentration 

steady temperature slightly above ambient or room tempera- *an would otherwise be necessary if vinyl endblocking was 

ture (typically 35° C.) and the first shot outer mold is placed used exclusively. This technique permits the production of 

over the inner mold, centered and secured. Silicone material *<> w viscosity silicones having a somewhat lower density 

forming the inner layer is injected into the top of the outer « crosslinking than is commonly used in silicone elastomers, 

mold section under a pressure of 40-100 psi and the mold is ™* organopolysiloxane contains silyl groups of the formula 

filled. The temperature is elevated to a desired level R^— SiO and end blockers of the formula R 3 R 4 R S — 

(70-125° C.) for curing or vulcanizing the first layer and SiO 05 , R, and ^ groups independently are lower alkyl of 1 

then lowered after the silicone material has set. to 6 carbons, phenyl or trifluoropropyl. Preferably the R, 

TUc first shot outer mold section is then removed leaving 20 TO « both methyl. Therefore, in the preferred 

the cured inner layer 18 of silicone elastomer exposed on the embodiment of he composition the l^-SiO group rep- 

u « * -ru . „• .fu^-o ^nno.Hn. resents dimethylsiloxane . R 3 , R 4 and R s groups indepen- 

mner mold fixture. The correct size prosthesis connecting . . . ' „ . f 4 1 3 * 4 , \ & , r . . r tl , 

t \ a * t i«™ A„«™ii„ ft,? dendy are lower alkyl of 1 to 6 carbons, phenyl, vinyl, allyl 

element 24 is placed on top of the inner layer (typically the 7 7 . ' *; 79 _ y 

• I « 4 iA I • , a;,~~*;™* «wtv. ,k 0 or otner olefimc group having up to 4 carbons. In the 

inner mold element extends in an upright direction with the u j- . n at? i j c> • • i 

* j\ j - . °. nf „ o4 *„ 25 preferred embodiment, R 4 and R s are methyl and R 3 is vinyl 

finer mverted) and an appropriate length or matrix matenal * . . _ . M ' 4 t 5 A / £ . 3 . . 7 

• tL e i Z u i * •„ ~i i „„„„ iu„ or methyl. Optionally, the molar concentration of vinyl in R-, 

in the form of a woven tubular stockinette is placed over the 7 7 >. iftrtor J * 

connectingelementandstretchedover the outer surface over *ay be varied from as high as 100% vinyl to as low as 30% 

an appropriate length of the inner layer of silicone material. ^ lhe & ^ ctl ° h n y ^ KDii ^ 

™ , , , , - . . | j A , R 3 is vinyl at 80% and methyl at 20% concentration. 

The second shot outer mold section is then placed over the „ _ j •,. 

inner mold section, the inner layer of silicone elastomer, the 30 The composition contains trimethyl silyl treated silica as 

connecting element and the matrix material, and is centered a reinfo r rce . r f mc ™£* ™ Uo °[ ^pproxunately 12 to 45 

and secured. A small centering screw may be tightened P"* of reinforce r to 100 parts of polymer. The preferred 

through the injection port for the silicone material of the ™ vcntl ° n contains 17 P art * of ^ hca to 100 P** of Polymer, 

outer second shot mold section which extends into the „ ™ c Slhca must . be trc / ted ™ th * reagent to neutralize the 

threaded socket 26 of the connecting element 24 to center 35 act,vc Sltes on lts surface > usin S hexamethyldisila- 

and secure the connecting element 24 while the second shot zane * 

mold is being filled. Silicone elastomer used to form the Organopolysiloxane of lower viscosity, 100 to 10,000 cP 

outer layer 20 of the liner is then injected between the outer is added to the composition to reduce viscosity, modulus and 

surface of the inner layer of silicone and the outer second tensile set. The quantity of organopolysiloxane can be 

shot mold to fill the mold. The temperature is elevated to the adjusted to give the desired property profile. The preferred 

desired curing or vulcanizing temperature (70-125° C.) and organopolysiloxane is trimethyl siloxy terminated dimeth- 

lowered again after the material has set. The outer mold ylpolysiloxane with viscosity of 1000 cP. 

section is then removed, leaving the cured, dual layered liner The elastomer is made in two components, called part "A" 

exposed on the inner mold section with the contained 45 and "B". Part A is constituted of the polydimethylsiloxane 

connecting element and matrix material in the liner. that is vinyl and methyl terminated. A platinum catalyst is 

The second layer of silicone material bonds intimately used, the catalyst comprising a complex of platinum with 

with the inner layer during the second molding procedure so vinyl-containing oligosiloxanes (complex of platinum and 

that the two layers are contiguous and joined together divinyltetratramethyldisiloxane with typical levels of active 

virtually seamlessly over the outer surface of the inner layer, 50 platinum of 5 to 50 parts per million, 

with the matrix 28 material filled with silicone elastomer Part B of the two components of the elastomer includes a 

material constituting the outer layer 20 of the liner. The polydimethylsiloxane and silica identical to that in part A. 

connecting element 24 is intimately bonded between the two This part B also includes a polydimethylsiloxane with 

layers as well so that the entire structure of the liner is hydrogen on the chain commonly called methyl hydrogen 

integrally connected together. 55 which acts as a crosslinker. With the sum of the mass of 

The molded liner is then removed from the inner mold polydimethylsiloxane and silica constituting 100 parts, 

section and prepared for packing and shipment. crosslinker concentration can vary from as low as 0.3 to as 

The silicone elastomer used to form the inner layer 18 high as 4 parts per hundred parts. A crosslinking inhibitor is 

comprises a vinyl terminated polydimethylsiloxane included in part B that comprises an oligosiloxane with high 

(vinyldimethylsiloxy terminated dimethylpolysiloxane) 60 concentration of vinyl-containing substituents of any of the 

cured or vulcanized by reaction with a suitable crosslinker. class of compounds known as acetylinic alcohols. The 

The silicone elastomer is reinforced with silica (preferably . preferred inhibitor is tetravinyl tetramethyl cyclotetrasilox- 

fumed silica having a surface area of 200 m 2 /g.) and this *ne. The inhibitor may be used in concentrations as low as 

increases the strength of the cured or crosslinked silicone. 0.02 parts per hundred parts to as high as 0.5 parts per 

The degree of crosslinking can be adjusted to some extent by 65 hundred parts. 

adjusting the concentration of crosslinker. The component in In forming the inner layer, parts A and B are mixed 

the elastomer that the crosslinker reacts with is typically a together before injection in the mold in a 1:1 ratio by weight. 
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Characteristic 


bner Layer 


Outer Layer 


Tensile Strength (max) (p/in) 


500 


551 


Elongation (%) 


1000 


1150 


Modulus 100% (psi) 


8 


21 


Modulus 200% 


26 


53 


Modulus 500% 


61 


139 


Tear Strength (nick) (p/in) 


49 


84 




(0.002") 


(0.005") 
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The silicone elastomer just described above is obtainable 

from NuSil Technology of Carpinteria, Calif., under product -continued 
designation CF13-2188. 

The preferred outer layer 20 of the liner 10 is constituted 

of a vinyl terminated polydimethylsiloxane cured or vulca- 5 
nized by reaction with a suitable crosslinker. The silicone is 
typically reinforced with silica, the degree of crosslinking 
being controlled by the concentration of crosslinker. This 
silicone material is also obtainable from NuSil Technology 

of Carpinteria, California, under product designation CF3- 10 
2188-1. The silicone elastomer is addition -cured using a 

platinum catalyst of the type described above in connection Tfae elasticity COQt rolling matrix material 28 is obtainable 

with the NuSil product CF13-2188 silicone elastomer. The frQm qjjq bock ORTHOPEDIC INDUSTRY, INC. of 

silicone elastomer used in the outer layer also is provided as Minneapolis Minn, under Product Number 623T10 in 12 

two components, parts "A" and ' B . cm aad 15 cm lengths, this material being a white woven 

Part A is made from polydimethylsiloxane that is vinyl polyamide stockinette. The matrix material is fully compli- 

terminated and a second polydimethylsiloxane that is trim- an t and stretchable in the radial direction within the range of 

ethyl terminated. Trimethyl terminated polymer is included normal liner distension but is substantially inelastic or 

at a concentration of 1-10% and silica is included in the 2Q non-stretchable in the longitudinal direction when installed 

formulation for reinforcement. The viscosity of the uncured m the liner. 

™ o™ US S d th " 0Ut6r ^".^ ^ Une . r . iS ft will be seen from the shore hardness properties of the 

250,000-800,000 cPs. The Sl hca is treated with a reagent to ^ aod ^ , lg 2Q ^ ^ j, consid . 

neutralize the active sites on its surface using preferably, efM ^ than ^ outef , and has a , ower tear 

hexamethyldisilasme with the concentrator .of silica being ^ s h (han ^ ^ , ^ ^ , ^ 

■n the range of 12-45 parts per hundred parts of great ° r hardness and tear strength> serves t0 reinforce 

polysiloxane, with a preferred concentration being 25 parts ^ s()fter ^ and ^ a duct ^ ^ ^ 

per hundred per one hundred parts of polysiloxane. Titanium ^ while for me The 

diox.de is added to the part A component of the silicone abiu rf ^ ^ , M tQ ^ ^ s]dn surface 

elastomer in concentration .sufficient to color rt opaque white JQ rf ^ residual ^ Qf ^ ^ reduces ^ 

in a concentration of 2-15% if a white color is desired. A s)dn an(J ^ ^ ^ teQds to reduce irat i 0D 

platinum catalyst b added to the part A component the be(ween ^ and ^ mner surface of ^ u 

catalyst comprising a complex of platinum and dmnyltet- characteristic mal to highly desirable m a liner of mis type . 

ramethyldisiloxane with a level of active platinum typically ^ J 

from 5-50 parts per million. % Friction properties of the inner, softer liner against the 

_ _ 4 c . _ i00 ... . \ 35 skin of the residual limb are such that a higher shear force 

The part B component of the CF3-2188 silicone elastomer fe needed , 0 cause sU between me ^ , ^ ^ 

composes polydimetoylsiloxane and sihea identical to that ^ ^ ^ ^ iof ^ elastomer ^ 

used in part Adescnbed above and a crosslinker. TypicaUy, which e ^ ances the suspe F ns i on properties and eo^rt of lhe 

part B contains no pigment, and is translucent. Assuming the j. r r r 

sum of the mass of polydimethylsiloxane and silica to 40 

constitute 100 parts, polydimethylsiloxane with hydrogen on ^ viscosity of the liquid silicone elastomer used to form 

the chain (commonly called methyl hydrogen) is used as the both layers 18 and 20 is low enough to allow rapid injection 

crosslinker in concentrations extending from 0.3 to 4.0 parts molding of large parts. The preferred viscosities are in the 

per hundred. Acrosslinking inhibitor is added to part B in the range of 90,000 to 100,000 cPs. The formulation of the outer 

form of an oligosiloxane with a high concentration of 45 la y er 20 ma y be varied > provided that the physical property 

vinyl-containing substituents or any of the class of com- characteristics of the outer layer as described above remain 

pounds known as acetylinic alcohols to control rate of essentially consistent, particularly with regard to a Shore 00 

crosslinking. The preferred inhibitor is tetravinyl tetram- hardness which must be higher than that the inner layer 18. 

ethyl cyclotetrasiloxane in concentrations from about 0.02 Typically, the tensile and tear strengths of the outer layer will 

parts per hundred to 0.5 parts per hundred. 50 be hi 8 her tDaD these strengths of the inner layer. It is also 

£ A , 4 . - A 1 j n r *l preferred that the outer layer have a higher elongation and 

k, ™™V h -,- ay f f 2 °' partS A a B °,- th r Modulus than the inner layer. 

NuSil CF3-2188-1 silicone elastomer are mixed in a ratio of 3 

1 : 1 to cause crosslinking by hydrosilylation, with the inhibi- Coloration of the liner is optional, and one example has 

tor allowing control of the rate of crosslinking of the two been described above wherein the inner layer is colored 

parts when they are mixed together. 55 white and the outer layer is translucent. 

When the* inner and outer layers are formed using the Typical preferred dimensions of exemplary liners con- 

silicone elastomers described above, the following physical structed in accordance with the invention are shown below, 

characteristics of the layers are obtained: with reference to the drawing that indicates the locations 

where the measurements are taken 



Characteristic Inner Layer Outer Layer 

1 1 "" " ■' 1 - " Small Large 

Transparency Translucent Translucent 



Shore A Not Measurable 6 t] (mm) 6 9 

Shore 00 32-45 52 & t 2 (mm) 5 4.5 

Tensile Strength (min) (p/in) 233 350 t 3 (mm) 6.5 — 
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-continued 




Small 


Laige 


t 4 (mm) 


2.7 


1.7 


ts (mm) 


2.4 


2.2 




40 


70 


l 4 (cm) 


8-9 


13-14 


It (cm) 


34 


40 


d x (cm) 


9 


28.6 


W(gm) 


230 


880 



where the measurements are described as follows: 
tj — inner layer thickness 
tj— inner layer thickness 
tj — inner layer thickness 
t 4 — inner layer thickness 
t 5 — outer layer thickness 
r x — radius of liner end 
l a — length of matrix 
1, — total length of liner 
d A — inside diameter 
W — weight of liner 

An exemplary embodiment of the invention has been 
described and it is to be understood that persons skilled in 
the art may change structural details of the preferred 
embodiment without departing from the scope of the 
invention, which is to be limited solely by the scope and 
meaning of the appended claims. 

What is claimed is: 

1. A residual limb suspension liner for a prosthesis com- 
prising: 

a closed-ended, air-tight tubular sleeve adapted to envelop 
the distal end area of a residual limb; 

said sleeve formed over its entire length of inner and outer 
layers of different silicone elastomers, said layers being 
contiguous and integrally joined to each other along the 
entire outer surface of the inner layer; 

the silicone elastomer of said inner layer having a Shore 
A hardness that is below Shore A practical 
measurement, and the silicone elastomer of said outer 
layer having Shore A hardness of approximately 6. 

2. The residual limb suspension liner as claimed in claim 
1, wherein the inner and outer layers have the following 
additional characteristics: 



Characteristic 


Inner Layer 


Outer Layer 


Tensile Strength (min.) (p/in) 


233 


350 


Modulus 100% (psi) 


8 


21 


Modulus 200% 


26 


53 


Modulus 500% 


61 


139 


Tear Strength (nick) (p/in) 


49 


84 




(0.002") 


(0.005')- 



3. The residual limb suspension liner as claimed in claim 

2, including an elasticity controlling matrix at least in a 
distal end area of said liner, said matrix causing said distal 
end area to be substantially inelastic in the axial direction 
without interfering with radial elasticity of the silicone 
elastomers within a range of distension of the liner during 
normal use. 

4. The residual limb suspension liner as claimed in claim 

3, wherein the matrix is filled with silicone elastomer and 
covers at least a portion of the inner layer between the inner 
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and outer layers so as to constitute the outer surface of the 
inner layer over such portion. 

5. The residual limb suspension liner as claimed in claim 
4 wherein the inner and outer layers are translucent. 
5 6. The residual limb suspension liner as claimed in claim 
4 wherein the inner layer is white in color and the outer layer 
is translucent. 

7. The residual limb suspension liner as claimed in claim 
4, including a prosthesis connector at the distal end of the 
liner. 

10 8. The residual limb suspension liner as claimed in claim 
2, wherein the inner and outer layers have the following 
additional characteristics: 



15 




Inner Layer 


Outer Layer 




Tensile Strength 
(max.) (p/in) 
Elongation (%) 


500 
1000 


551 
1150. 



20 



9. The residual limb liner as claimed in claim 2, wherein 
the inner and outer layers are translucent. 

10. The residual limb suspension liner as claimed in claim 
2 wherein the inner layer is white in color and the outer layer 

25 is translucent. 

11. A residual limb suspension liner for a prosthesis 
comprising: 

a closed-ended, air-tight tubular sleeve adapted to envelop 
the distal end area of a residual limb; 

said sleeve formed over its entire length of inner and outer 
30 layers of different silicone elastomers, said layers being 
contiguous and integrally joined to each other along the 
outer surface of the inner layer; 

the silicone elastomer of said inner layer having a lower 
35 hardness than the hardness of the silicone elastomer of 
said outer layer; and 

an elasticity controlling matrix at least in a distal end area 
of said liner, said matrix causing said distal end area to 
be substantially inelastic in the axial direction without 
40 interfering with radial elasticity of the silicone elas- 
tomers within a range of distension of the liner during 
normal use. 

12. The residual limb suspension liner as claimed in claim 

11, wherein the matrix is filled with silicone elastomer and 
45 covers at least a portion of the inner layer between the inner 

and outer layers so as to constitute the outer surface of the 
inner layer over such portion. 

13. The residual Limb suspension liner as claimed in claim 
12 wherein the inner and outer layers are translucent. 

14. The residual limb suspension liner as claimed in claim 
50 12, wherein the inner layer is white in color and the outer 

layer is translucent. 

15. The residual limb suspension liner as claimed in claim 

12, including a prosthesis connector at the distal end of the 
liner. 

55 16. The residual limb suspension liner as claimed in claim 
11, wherein the inner and outer layers have the following 
additional characteristics: 



60 




Inner Layer 


Outer Layer 




Tensile Strength 


500 


551 




(max.) (p/in) 








Elongation (%) 


1000 


1150. 
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17. The residua] limb liner as claimed in claim 11, 
wherein the inner and outer layers are translucent. 
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18. The residual limb suspension liner as claimed in claim 
11, wherein the inner layer is white in color and the outer 
layer is translucent. 

19. A residual limb suspension liner for a prosthesis 
comprising: 

a closed-ended, air-tight tubular sleeve adapted to envelop 
the distal end area of a residual limb; 

said sleeve formed over its entire length of inner and outer 
layers of different silicone elastomers, said layers being 
contiguous and integrally joined to each other along the 
outer surface of the inner layer; 

the silicone elastomer of said inner layer having a lower 
hardness than the jiardness of the silicone elastomer of 
said outer layer; 

said inner and outer layers have the following character- 
istics: 



Characteristic 



Inner Layer Outer Layer 



Tensile Strength (min.) (p/in) 
Modulus 100% (psi) 



233 
8 



350 
21 



10 



15 



20 



10 



-continued 



Characteristic 


Inner Layer 


Outer Layer 


Modulus 200% 


26 


53 


Modulus 500% 


61 


139 


Tear Strength (nick) (p/in) 


49 


84 




(0.002") 


(0.005"). 



20. The residual limb suspension liner as claimed in claim 

19, including an elasticity controlling matrix at least in a 
distal end area of said liner, said matrix causing said distal 
end area to be substantially inelastic in the axial direction 
without interfering with radial elasticity of the silicone 
elastomer within a range of distension of the liner during 
normal use. 

21. The residual limb suspension liner as claimed in claim 

20, wherein the matrix is filled with silicone elastomer and 
covers at least a portion of the inner layer between the inner 
and outer layers so as to constitute the outer surface of the 
inner layer over such portion. 
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